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ARRANGEMENTSASMMSUREDINFLIGRT

ByJ.Richard E@ahr

En3MMmi

Thelateral-controlcharacteristicsofseveralspoilerarrangements
locatednearthewingtrailingedgewereinvestigated-inflight.‘Itwas
foundthat,inall.cases,thecontrolresponsewassatisfactoryandthat,
exceptfora regionoflowspoilereffectivenessforsmallcontrolde-
flections,thev~iationofrollingeffectivenesswithcontroldeflec-
tionwasmnoothandnearlylinee&.Therollingeffectivenessfora —
givenspoilerdeflectionwasfoundtoincreasewithairspeed.Thecon-
trolforcesvariedsmoothlybutatanincreasingratewithcontrol
deflection,‘leadingtoa lowdegreeofcontrolfeelforsmallspoilsr
deflections.Witha systemwhichconsistedofspoilersincombination
withsmallwing-tipailerons,theeffectivenessandcontrol-force
characteristicswereexcepti.onal.lygood,especiallyathighspeeds.
Theyawingcharacteristicsofthevariousspoilerarrangementsweremore
favorablethanthoseusuaUyassociatedwithaileroncontrolandthe
lateralcontrolininverteilflightwasadequate.

INTRODUCTION

Withthecurrenttrendtowardhigherwtngloadingsanclthedesira-
bilityoflowerland+ingspeeds,increasinginterestisbeingevincedin
thecharacteristicsoflateral-controlsystemspemittingtheuseof
large-orful&sp3mflzqm. .

Resultsofpreviouswind-tunnelandf3&@tinvestigations,reported
inreferences1 to7,haveindiccd=ilthatoneoftiemorePromis@ ~t-
eral-controldevicesforusewithfull-spanflapsisthecircular-arc
spoilerlocateanearthewingtr?.ilingedge.Previousfli&&testsof
thist~e oflateral-controlsurface(references6and 7)werelimited
tolawspeeds,sndnocontrol-forceorhinge-rnmentmeasurementswere ..
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obtainedduringthoseteste.Flight,investi~atlons,whichincludedmeas-
urementsofcontrol-force,hinge-mcment,andhigh-speedcheracterfitics, ●

wereconductedattheAmesAeronauticalLaboratoryforvariousspoller-
typelaterai-controlarrangene@x3onthreeairplanes.Thelateral-con-
trolcharacteristicsfromtheseinvestigations,deteminedchiefwin
abruptrudder-fixedrolls,of’thefollowingairplanesandeyetemsemspr~
sentedanddiscussedin this report:

1. A combinationofcircular-arcspoilerswithwing-tipaileronson
a NorthropP-6M alrplme,standardforthisairplane.Testswereper-
formedovera sizablespeedra.n~e(meximumMachnumberof0.68), andin-
dividualspoilerandaileronhingemomentsweremeasured.

2.Circular-arcspoilersaloneona NorthropP-61Aairplane.Tests
wereconduotedwiththewing-tipailerons lockodin,theneutralposition.

3.Plug-typeventedZapspQilersonaVought-Sikor8ky0S2U-2airplane
modifiedtoaccommodatefull-spanZapflaps.

4.StmpL9circular-arcspoilersona,Vou@t-SllforskyOS2U-2airplane
modifiedtoacco?mnodatefull-spanZapflaps.

5.Upper-surfaceflap-typespoilersona normalCX52U-2airplane,
standard~orthisalrphne,-&e
wingflapswerefullydeflected,
droppedandinoperative,andthe
spoilersalone.

testswereperformedwhilethosl-bt~d
underwhichconditiontheailerons=e
lateralcoD&Qli~supplied%ythe

,.,.

SYMBOLS

Thesymbolsusedinthisreportar~d6flnedcmfoil.owa:

normalaccelerationfactor,thoalgebraiosumofthecomponents,
alongthuairplaneZ-axis,oftheairplanbacce~rationand
theaccelerationduetogravity,‘intermsofthestandard
gravitationalunit(32.2ft/f3ec2)

wingspan,feet

localwingchord,feet

meanaerodynamicchord,feet

lateral-controlforce,appliedtangentiallytothe
controlwheelornormaltothecontrol-stickgrip,pounds

4-
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lateral-controlforceduetoaileronaction,pounds
,.-,,\ ..”. .

lateral-controlforceduetosyoileraction,pounds
. ...

e#.l.eronhingemoment,positivewhentendingtomovetheaileron -‘“”
dOIK(W=d,inch-pounds

spoilerhingemoment,positivewhentendingtomovethes~oiler
downwsrd,inch-pounds %

pressurealtitude,feet

control-sticklengthorwh6elradius;inches

rollingvelocity,radiemspersecond

pb/2Vtangentofthehelixanglegeneratedbythewingtips

radiusofspoiler,inches

-.

—.

trueairspeed,feetpersecond
.-

indicatedairspeed,milesperhour

sideslipenglm,degrees -.
aileronangle,thealgebr~icdifferencebetweentheanglesof

thetwoaileronsmeasuredfromthewingchordline(leftwhen
theleftaileronisup),degrees

control-wheelor-stickdeflection,degrees .
—.

spotlerangle,theangulardeflectionoftheupward-deflected
spoileraboutthehingeline,asmeasuredfromtheposition
forwhichtheupperedgeiscoincidentwiththewingupper
surface,degrees

DESCIKD?TIONOFLATERAL-CONTROLARRANGEMENTS
c

Thefo33.uwingisa descriptionofthemoreimportantphysical
chmacteristicsofthetest
Detailedspeclfi.cationsand

-.

lateral-controlsystems
dimensionsaregivenin

.

andai&planes.
theapyendix.

8
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ArrangementI - Circular-Arc

Aileronsona Northrop

IiACATN

SpoilersandWing-Tip

P-61AAirplane

No.JJ.23 -
$

*

~fs lateral-controlsystem(standardon the Northropp-6~Jair-
pl.ane)consistedofa cmb&tionof upper-Enu3?acespoile~slocatedfor-
wardoftheflapsandsmallunsealedplain-flap-tyyeaileronsatthe
wingtips,Thespoilerswereofa s@le ctrculw-arctypewiththe
centerof curvaturecoincidentwiththehingeline,andcontained.3/k-‘
inch-diameterholeswhichreducedthetotalspoilerareabyapproxi.mab+
ly20percent.Detailsofthecontrolsurfaces#e showninfigure1 and
2. Thewingslotthroughwhichthespoileroperatedwasprovidedwitha
fairedsealonthelowerwingsurface,asshowninfl~fl 1 * 3/ “.~
Thespoilerswere@rtiallymass-balancgdandtheaileronswerecomplete-
lymase-bdanced.Thedegreeofmasstibame andfrictdoninthecon-
trolsystem,asmeasured-onthegroundduringslowmovementsofthecon-
trol wheel, are indicatedbythecurves.offjgure4. Thekinematicsof
thecontrolsystm,asmeasuredunderno-loadcotitionsareHhownlnfi~
Ure3. ThedevelopmentofthisJ.ateral-control,systemi~re~ortedinrM’-
erence8.

,..,.
The“airplanewasequippedwithslottsdflapswhichextendedapprox-

,.

imately82perce”ntofth,ew~. semispanfromtheairplan~.centerl.lne.
Detail.&of’’iihboutbotid’flapp~lsfmtheslotiofflwhichwenefabrlc-
sealed,areBhti infigure3.

\-
‘Athree-viewdrawingofthe.alrpkneis

presentedinfigure6;figure 7showsth6airplanewiththeflapsfully
extended;andsketchesoftheflapand,wing-sectioncountoursarepre-
sentedinfigure8.

Arrangement11- Circular-Arc‘spQilsrsAlone

ona NorthropP-6UAirplane

ThissxmngernentwasthesameasArrangementI exceptthatboth
aileronswerefixedintheneutralposition,

Arraqjeme?xb111-Plug-TypeZapE&oilersonaVOught-
4

Sikorsky0S2U-2AirplanewithFu31-SpanZapFlaps #

Thisarrangementconsistedofplug-t~eventedZapspoilersInstd.lai
ona Vought-Sikorsky0S2U-2airplanemodifiedtoaccommodatefull-qpan ,.
circular-arcZapflaps.Detailsofthe@oilersandflaparepresented
infigure9,anda viewof-theqoilersandflapsfullyextendedisshown
Infigure10. Thekinematicsofthecontrolsystemarepresentedinfig-
ure11,anda three-viewdrawingoftheairplaneisshowninfigureJ.2.
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ArrengementIV- Circ@ar-ArcSpoilersonaVou@t-

Sikorsky01S2U-2(Zap)Airplane
...

,,.,, .—
~Theplug-t~espoitirsofArrangementIIIwereY&placedwith. .

simplecircular-WC-t~e spoilershav~ngthecenterofcurvatureshove
thehingeline.DetailsofthesurfacesareshownWfigures13tad
14,em-thecontrol-systemkinematic8erepresentidin,.

ArrangementV -Flag-TypeSpoilerson

. Vought-Eikorsky0S2U-2AirpMne

Thiserrm@nent,standardontheVought-Siknreky
consistedofflap-typespoilersforwardoftheslotted.

.-- ...,;
OS2U-2ai~tie~ ‘
flaysEuidWin&-

tijFri.se-tneailerons.Detailsofthesurfacessreshowninfigures
16and.17. “ktheflapswerelowered,a gradualtransitionfrcia-conixol
byaileronstoco~trolbyspoilers0.Ocurma,snd simultaneouslytheaileE
onsbecamedrooped(bothdeflectedduwn.werd).Withtheflapsfullyde-
flected.,@teralcontrolwaa%yspoilersalone,theailerons r–iwnaining~D fixedin a drooped.yoeition(approx.29°duwn). Thetestsrepor~wdhere-
inwereconductedforthiscondition,thek$neiaaticsforwhichareshown
infigure1.8.A three-viewdrawingOStheai&@.aneispr3Eefitedin-? figure19.

TNsm~ATIoN
. . . —

me.testairplaneswere equipyedlwiths@dard NACAphotogr@icaLly
recoTdin&.Instrumentsbyineansofwhf~h,thefollowipgquantitieswere
mea4ur~.d:”’indicatedairspeed,lateral-control-surfaceorcontrol-stick
pos$tions,an@Larv910c3ties,lateral-controlforce,normalacceleration,
sI$.a&le ofstdeslip. .;.,,.:-

.._
A yes?vaneM a free-swivelings+irppeedhead‘w&e‘&l.hted&-~on?& ..

extendingapyrox~telyonechordl.er@h’aheadofthewingtips.
.—

ForthetestswithArrengement81.andII,“~d~vi=ti~-~o~~~-h ‘-- “--
aileronhingemomentsweremeasuredbymeansof’”resistance:types&ra~n-.
gag%
toa

-P

titsmountedon”thepush-pullrodsofthesurfacesazi$connected
recor’di~oscillOgraph. ,., , ___ .....,, ’,. . .,-.. —... --_:~:-:..,..- ._,=-

,. -,,,... .. ~.. .______f..”
—-
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“

Theflight‘testsreportedhereinconeistedprimarilyofabru@left
andright rudder-fixedrolleatvariousairs~eedsforthei’ollowi~com-
binations of”flap snd~owersettings: -.

,,. .. . ,“” “+:. ....... .. . . -“- .,-.,,

Condition Powersettin~ Flapandgecx cowl-flap‘;
eottl~ poai%ion

Power-onclean I?orrpalrated up2 Open
Wave-off Normalrated “Open- Down .

Glide “ Qff up= Clo6@d
Landiw off “ Down Clolml,L
lSeeaypendixforengine-pQwerratings,
2(lemretractableforArrangementsI andIIonly.

Theairplane@ossweightssndcenter-ofgravitylocations@ take-
offforallthetestscorrespondedapproxiamtelytothenormalvalues 8~
Givenintheappendix.Ezcoptasotherwisespecified,thetestswere
performedatipYessurealtitudesoffrom &100to10)000feet. t“

RESULTSANDDISCUSSION

ResponseCharactmristlcs
_

Th6’roM.@g~esponse’”o?an,airplanataM*er&l-c~~l”~efbc~lom
mayb?memmredbythethe reqniredfortlie,dbtablis~ntof”thepmxi-
mumrollingacceleratlonfollowingtheabruptdbfiectloq’”ofthe’controki
toa predetezmimdposition.Criterionsbasedon~r@louStestrksults
andpilotstopinionshavebeenpromulgatedinreferexlces”g,10,andU
iutheformofmex=jmumeati8facto~yt@e-le,gvalues of,0.2,second(refer-
ence9,):and3’*75c/V seconds(referencesMland11).

Timehistoriesoftyptualabruptruddpr-fixed,,rollsareprmented
inflgure”20fortheVZWOUSkterdl-coritio~.ti~qmnts. These
recordsshowthat,-inthecbiti,callow-,speea,condit+ansthelagwasequal 4
toohleesthanthe“valuesmentionedint.lxj~tiecedinqpzagraph.Al-
thoughina fewcasesthepi.lotrnbticedlag”wiihspoilercontrolwhich
theybelievedslightlygreaterthanthatwithnormalaileron control, ,.
theresponsechamcterlsticsofthevarioustestcontrolsystemswere
con~ideredsatisfactory.
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,’These”responsecharacteristlcflme inagreemntwiththeretilts
of theLnvestigation&jrejorted”inre”fe~ences 3,X2,&iL13,whi”ch“
haveshpwn%hatthelagwith8pp>lei~%ypesurfacesiaa fimctibzibfthe
clio%”dwi.4e-3.bc+L%lon6n‘“th>wingagdtbi%~“’forthespoi~r ‘locations‘for
‘tlie~pst$re&@@. herefi(70or”80$y6rc6rit’& thelowilwi&”clior”d“
.‘ftioii$h&=X6ad@edge)j thelagshould.’1%sat@fact6ri&till.‘::,. ,.,,.-.,.,,~;:.v:-:~,;,: ,,._, --..,..:-.-,.....*- -. .-’:.:LJ.“~i‘-’.!.“$.:>.’“:.. -.

Athi&.airspeeds,abruptla.tbral-control”d6~hcti&%’=&ed-fa .:“’ “”“”-
sharpmomentarydecreaseinnonualacceleration(rig.20(a))j eneffect
associatedwiththesuddendecreaseinliftduetosmo$kw action..This
characteristicwasnotqotice~leatlowspeedsandwa~notconsidered
seriouslyobjectionablebytheyilots. ....

,. ~ -.----..-.
Tlieeffectontheresponsechmacteristics6fcha&6sin‘flapand-””

powersettingsappearedtobenegligible. ... :,,-_y.-y.7”,
,... .-—-- ,.,.,.— :

.,!. .......
RollingEffectiveness

n-- ...-.
Va4ep of pb/2Vcorrpspond3.$gtothepeskrol@g velociti@_=~eJ-* determineiifrom“recordss5mil&toth&~ shownin,fi&e 20,and.are..

presentedinfigure21asa f&ctionofchangeofspoileranglefrom
tha-+.$OT@+~c?.%,Thqss,.curveqshowthatforalltest~rengerneq~sand-t condi~30nqthe~JoQingef~ec’tivenessvarieds@oo~lywi~,~”-spoiler...E@& ~
buttlia>.”a regionoflow~fX’ec$ivegeqpwas’“pre”seti~forSU@ sPoikr”
emgles:,.’Me latter’,effect~y’.%e“att&~~&dto,the.,low~ffectivene&&,..of
thespoilerwheno~,erat”@inthewQ@.b.o@darX~~r. ~ w?ul~..~e”~- ~
pectedjthisef’fectwaslesspronoti@dwfth.@oiLei+ai%roncont?ml-,.
(Arrsmgeme~tI)th& wit3ipurespoilercoti~rol(Ai%n@rnent~1). A1-

.—

. .

thou@not,consideredseriouglyobjectionab%fr$npa yikting~~=dPofitY
theloweffemotiveness,p%rneutral.+6&~owarcia tend@ncyto:qvercontrol.-.
somewhatat~ .qx&eds,“suchasinap~roaches+@ -~~,~s..“ -J -..:~ -,. ~.-:,.

‘ih~,~creks+,~in+ ,~lo~e.,. d(pt@/&>;~<~..inc+e”=&-’&i~r+&
f& sizabkoon@oldef~e~tionsre~lted~r~ .,%be’fact~at~.as.“%-:~
prevtous.tivestigati.ons$..pb/2V“’ismoreneeml~”proportionaltcithespoi&-
erhei@tabove.thewingthemtothe”:spoibk :.&igle.ThevariatiOn@ “:
pb/2V,withspoiler.height,wasfoundtobe’nearlyMnesr: The.r~stilts
for:.A,rmngementsZIIandIV.,(flg.21),andfo~”smodifiedversiom.of R‘::

a ArrangementIV:inMcate~tlyztfora givenspoiler”hei@tjthe “ef’fectiv&”
nesst:of,;these~mdlmlly different.surfaceswas.ofthd.-SW .OMJXC::..:-i.... .;; ~ ...... ... ,,.... ,..... ,..-,:7......;*...-.L!. ..-.

%’ I&m a pikti.?e:Standpoititij’itisde~ira%le.;tck.,Mvea.;tiaxvari- “-
tionlmtwe=,pb/.2Vian&~controlsheel“w -aWdtMfkc~on~‘.‘Mi% to..
theqaktimxly,J4drge,smoq,ntof.cliffe3Yeutial.ms~kted..titi’5Wtk ‘:’..-
systems(seefigs.5,11,15,andl-8))v~nverahonof sPot~r.QZ@dto~,’i
whee1 orstickdeflectionresults in very nearlyMnearvariationsof
yb/2Vwith{cockpitcontroldeflection.
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1
,! Arramernent..“ .:.:. I

Power-on,clean
110mph
265mph

k

I

0,070
.072

,096

,-

11 111
,,, .

., “.1’
0.038 0.073
.049, .tit.,--,. , .,

Iv ‘v -’

I

., ,. “)t:

0.070-,----,-----------

.07CJ0.060 ,.

Itiseetimatqdthat}shouldthespoilersforArrangementII_beextend-
edto,the’“wing‘tipsjtheEWX- valuesof pb/2Vproba?ilywouldbe-in-

1“

creasedabout’4.0percentfItshouldFepointedoutthatthelaterul-
control,surface~of~rangdnent I were deM.gnedtogiveamaximum,
pb~2Vbf0.07,anyamethodbywhicha spoiler&yBtemcanbedesigned
togived“.&pecifiedvalueofmaxtiumpb/2Vi.sindicatedinrefinvmco8.,.

IM’feetof‘uirsp&ed..- Thocurvesoffigure21showthat,for.the
spo&rs tested,pb~2Vfora givenBpoi16tideflectionincreasedwith
airspeed.Itts’’noted:thatthiseffect,whichisnotcharactents’tlc.
ofaileroncgntrol,islessforthespoiler- d leronsystamofArrange-
tint~ thanforthe-corr&ponding$nuw”spoilersystem(&r~ement 11).
The“btiperiorityof‘apof.lersoverailerons@ tiisresP.qot@ duein
Tartttithe”~r torsimalZOCU3.Sassociatedwfm,spoikrs.~dhence.
the&u.nwl.Mr‘reductioninroll.in8effe@ivOneb~..duqtow@G ~~st~
esp”ffatallyathigh~peeds~Mdi*i-1 factorswhichcoqtr~bute~ .“
thisihcreasein.pb/2V:withalr,spqedem fncreaees in~oilerd?f.em; I
tiven+ksWithdecnoasesinwing a.I@L6of attack,,themorefaVOrabh3 *
yawingtendenciesofspoilersespec.i%lly.a~h~ wee*~ @ incre~es
inMachnumber.High-speedwind-tunneldataofreferenceslkand15 -
and,&eo’erittitsonftle‘atAmeslaboratory,~btatnedintheAmos1-by #
3&foo’t“high-speedwi@ tunnelhavesh,~.~qt thespoilereffectlvenoss t
increasedwithMachnumberuptovaluesslight~abovethecriticaljbe-
yond’:whicha-”sharpdecreaseoccurred.: . ,

.’,,
.,
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flectlonoftheflapsappreciablytic$eased‘tieZb/2Vobtainedwith
a givetispoYle&dsfledtion.atthe:saimair8peed....’- ‘-”’”’”““‘“’3‘“=

.,,,:,----‘., ,.’,.”.. r;i. .... ..-..-”-.”..+:+:...,~..-..:{4,.T
Resultsorflight”testswithArrmigcmientI“endof‘“w~d:k-~’”““””;

.%s~s~’.obtairiedwitha twd-dimensiondtidelwiqgshowed“that‘w~%h’“-
@ &flectid‘Slotte&flapthespoilereffective~ss%s z~roor:~of~~ew‘“,,
‘‘wr6*:si~ ‘at’‘qmkl.1sp’oi,ley’.+@es; Itwasfou@‘~~f:”with.tlief~p ‘diet
sealed,As“Was‘the”‘outerp’dnel’‘slotforArr6,n&$m@nt8’~1‘Wd””~j t~fs.8,t=

‘.fdct’wad’eliminai%d,‘but‘t%~1.apeffestiveness’wasi%duced.,‘~li~y~si~k
explanationoftitscl+ar%terfstic‘isthat.the”’spoi,k%;..when‘~efledl%da
fill”smdiuit2’caii$bsaliinc~easeintheairflw throtlghthefM@‘“Slot,
andtheresulting.increased.I.ift oftheflapopposesthe..wing-lift.re-
ductiondfidto.spoileraction. ..,....,,.,-

.., .—
,. .. .,1.__>.

Effetit~of’mater.-’ Ccm@rison bf thecurvesfor‘khs=~dweP-on;”;l;&-”
conditions(fig,21(a))withthosefor‘tl%’glidecon~iiion(fig.2~{C])
showsthat,especiallyatlowairspeeds,pb/ZVforArrangement1 was
um?kedlyincreasedwithapplicationofpower>duechieflytothein-
orqqsein sli~stresmvelocityoverthespoilerswhichwerelocated
s~ficientlyinbosrdtobe‘affected.Thiseffect>toa slightlylarger
degreejwouldalsobecharackrtsticofArrangemexyb11>and,aswould
bee~ected,a“similare~fectofpowerwasnotedforArreagements111
andTVbutnotforArrangementV.

Control-ForceandHinge-MomentChsraoteristics

Changes@ latsral-control~orcefromtheval.upq.f.q~.b,~,~cewere
det~ned from$tiehistoriesstitlartofigure2Q,.d.nd,ayeprcmen,tsd.
h figure22as,a.function.ofbh~e inspoilerEU@qp ~esd datiw?I-:
,resqnt,we msximmnvaluesneglectingtheinitial~pe~.v&Luee.S@ 6s-
cillaticmsofcontrolfdyceattributedtothereka+ivelylsrgei~rtta
of,the“’~pntrol,qystems.Thecorre~ondingvalues~ .individut%lsppiler
and.‘ailerophingemoment&forAr?xmgements4“I..~,II_~e:yTesen’G@.h ,
fibs. 23w 26.Themeasuredspoil.e~h@b,mome~~s,@cJude-the@.~.
fect~of”spoilermassUnbalance$andthesevalues,havebeendes@@ed
astotalhingemoments.Thtitotalhin&emomentscorrectedfortheef-
fectsofstatic~ss unbalance,fromfigurg..4.erp-d.e@9,d..LW~~_c
hingemoments.K$bese~ingemqqent8wei%m&3u20(l,at-$heiriiti~.ma@-
mumvalues(ne4~c*i*~.*,eitia,effe-cl+).s . ....,-..-...~~“’.,:,’,;”..:

-“ .-,.,-;“ & .,_ u+-;...--.. ,.
llh$omdataon f il,e’at Ameslaboratory.- ~.~.,:....r.,.;,.!,::.....,..:.;

—

b

—— _

.

—

.

., ..
. .,-,



amgleforallconditions.Thepilotsconsideredthemagnitudeofthese
l..faz@EI&ccaptlonall.ygood:(notexceesi.veath$g~tqpe@sandsuffloient *
‘Ifp%“feel.at”low‘speeds)‘inrelationto.,theaortie’~~~d.lng‘Value~of pb/2V,
;I.i;.,+~;..::,--’ ,., ,,., ,.,. ..

Thecurvesofft&yzre23shuwanincrc&ii&rateM changeofhinge
momentwithrespecttospoilerangledHs/d5Easthespolkrwa~de-
fleatsdfrchrrieut$al.Smallnegativeaerodynamic”Mnge mbmentswere
pi’esentover“a!sizablespoiler-anglePangenearzero,IYbthupand.down,
.,qppeciallyatMw .a&speeds.Asshowninpreviousinv%ti@tions,these

!,..~.pf@@s,arec~,q.c@risticof$hIst~e ofspoiler.:Itismo.tedthatthe
* .L;ti~s.unba~cqb m~.Bystemwassufficientto’mmuntrjractthene’gative

~,h$ngemomO.KLt~@umslxbases.ThevariationsofailexmnMngemomentWith
‘ :%%.%W?W.@r,.IXig*:24),wereessentiallylinearinall.cases,aaisc~-
Qctey$stlc,@.,a.plaippmtrolsurfaca.w+tho:taerodynamicbalanchi’...-i“-.,.,..!..’(J.i:!’....~J<.,::.:,.-,...:

Thecontributionofbothspoiler-d aileronactiontothetotal
lateral-controlforcesofArrangementI haebeenc.amputedfromthehinge

,,,.~~~~tS..($i@s,*.:23Imd~~),andthekinematicsof.-we Eys$~..($ig.5)by;.,@qenp@;the:XQllowing!equations:*,. ,. ’;,.:‘
-p.,.,...........-~.--.””,.”, . ;..,,, ..‘, .. ..{ “.,,

,,, ,,.’ ,. ..,., ,,. ,:,..] . . . “.
.,.,.....”’”. /: .’F8 ~,,&”,@js ‘:’””””:,”

...... .. ,~ d~” “... ...A:\.,, ‘.’.,...
.,..! ,,., .. ..

,,, .! ,,

“(l)

I

(2)
.-

‘!:,:-....“:c~~’c’””“:&c:”e~i& ~onwole- ~ ‘!J3w“!.ctivegof fjgire -22 for the .0
““&#cti=%poiler sygteme(&re.ngemerit@.TIj~11~”IV)’.qhwa region
oflowforcesforsn@lspoiler”&,nglestid“tihicreasein,the’rateof
change,o~,-co@rolforceWIth,sp,oiler.az@q.@[dBB,.,psthe,spoller

..

,’@@e,~s.,incrpaspd.,,~,,h~e-mcqne@,M&,~ -tient, II (fig.26)
showshd.lcircharacteristics.“Thelowforces”for“till’spoilerangles ,

‘.-””Y@sult”pSYtMllJ+’fromspoilerOperatidfif.nIii:‘~L3+3w7VeldcI*Vregionof
thewingboundarylayer.

..,.,

.
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ThecontrolforcesforArrangementII (fig.22)wereconsidered
toolightfordesirablecontrolfeeland.forproperself-centering
tendenciesofthecontrol.Largercontrolforcescouldbeprovided
bythe actionof a suitableplate fnstallednormaltothespoilerupper
edge),andthecontrolfeelcouldbefurtherImprovedbysomemechanical
means,sucha~theuseofsprir@Inthesystemora spoileru~per-edge
platewhichMaea Mffereritialmotion.

For”spoilerssuchagthoseusedinAzm%ngement111>additionalef”- ““
fectsonthehinge-momentchuacteristics~eencountered$suchascir-
culationare@ theupperplate>aroundthevanessnd,throughthevarious
ventho@s. Resultsdfsupplementecryf’lighttestsofArrangement111
withminormodificatio~showedthata reductionintheupper-Qlatearea
resultedinanapyroximate~proportionalreductioninthecontrolforces
enda rotationofthevanenoseupwardresultedInveryslightdecreases
incontrolforce.Itappearedthatnearlyallthecontrolforceorigi- ‘
m,ti~“fromtheuyperp~te.

An additionalmeansofprovidinglargeenou@controlforcesfor - ‘“
control feel is”to havethespoilercenterof~~vat~ea-ta malldls-
tantieabovewe hingeline, afin hr~gement~. me c~vesoffi~e .
22showthelargeforcesresultingfrom thesmall~fsetused. Itip
notedthatthe general natureof thecurve~forArrangementIVissim-
ilartothatfortheothercircular-srcspoilers.Supplementarytests
conductedwiththesespoilerswdif~edsothatthecenterofcurvature
wasevenfar.therabovethehingelirieresultedinproportionatelyhigh-
ercontrolforces. .-. ——

Itapyeemthatsomeiqrovementinthevariationofcontiolforce
wi~,,spo,ileranglecou~heeffectedthroughaspQilerdesigninwhich
theceqterofcurvatureve&iedal.o~”theheight,soastogivea larger ‘
rat,eOfhinge-moment+mcreaseatlowspoileranglesand& reducedrate
at+ger anglba.However,theuse”ofoffset-typecircular-arcspoil-
ersnece8sitate$anincreaseinthega~intheupperwingsm”facesre- .
suitingin& consequentadverseeffecton.the.aerodynamiccharacter--”.
istic~,ofthewing. ‘ ~‘ .. ,.. -. ,..>‘- —..=

. . . ,. . . .= . ._t
Ffip-tne”-spoiled.:Aswouldbe:expecte~jtfiecurves~-f~&re22”’”–

forthefl.q-typespoilers’(ArrangementV)shownbarlylinearvariations
ofcontrolforcewithsyoileranglesThepilotsconstdereilthecon%rol
forcestoolergeinviewoftherela~ivelylowratekotrollobtainable
withthisarrangement..,$ -L ‘ -: ., . ~ . .. ,....,”’ .. .,.. ,, -,, ,., -. -. _“c.; -t_..,-. ..>—.-.. . Yawi~ Charaet&istics; .-.,, ....,.~.-,..,, ,.. ,_.

‘khe‘yawingandsideslip&aracteristicsofthe”ve&iaus13poiler-“-”“-,
arrangements
variationof

. .

#

.&,shownbyt=etimehi.s%o~iesof.figrcqe,20”6nd~bythe
sideslipanglewithspoilerangbpreseutedinf&ure,27.”’ “ -.

.-, .

, ...
,.

. . . . ...-



The valueeofside-slipang~ showninfigure27represent.theo.h~eIn
eide-slipanglefromthevaluesforbahmce-tqthosecorrespondingto
maximum~ollingvelocity....

The,dataoff@ure27indlcatirelativelysmulladyorseyawingnm-
mentsatlowairspeedsanda tendencytowardfavorableYaw- _ntS
athighspeeds.TheseyawinBcharacteristicsaremore dmlrabl.ethan
thoseusuallyassociatedwitha conventionalaileron-controlsystum.
TM loweradverse“yawingeffectsofspoilersprovidea decidedadvantigo
forthistypeof’controloveraileroncontrolinthqt.~eWddercontrol
“requiredinyroperlycoordinatedturnentriesandexitsIeles~.TM ab
vantagesofspoilersforusewithtwo-mmtrolsystetis.isappwentfrom
these characteristics. Themoredeuirableyawingcharacteristicsof
spoilersareduetothd‘predominanceof’.thefavorableprofile-dr~ef’-
Tectsover the adverseinduced-dragefi?ects.

EffectsofAl%ltude
#-%.

kIBUltSof abruptrudder-fixedroll&with$mrangt;m.n~I at.aQros-
m.zrealtitudeofapproximate~.27,~~feetarepresentedinf.tguzw28.
TheCurkeearesfmtlfi~incharactertot@,correspondingc~es atnor-
malaltitude(flgo..21)’22and27)$although~the.r~ezy~lightdiffer- ....
encesin,effectivenessanasome.~creasoin controlfor-cc.Noeizable
effectof-altitude-onthesideslipcharactori@i.cs i~.app~mt,: .,. .,. .,’

,.: .,
ChnractoristicsPOU”the’Stall“

.. .,, ,,,,,,. .. ,..,
Inorderto.obtainanMdlcat30nofthela@ral-c5&troleffi~ti,vb-

nessnear the stall, abrupt,rudder-ftxearow.withArrangementJ were
madeduring’.theearlysta.goe,ofthestal~.~lcal time WWMew are
presented infigure29,inwhichoscillations,ofthepitchingvelocity
indicatethattheairplane.wasinaqinctpi9ntetall.d~in.g~gs.s’tost~.
Theroldfollowi%abruptdeflectionQfthoCOn’@@waefntie~o?rec~,
directionandthelagwasdesirablylow.Thepilotsconsidered.thelate-
ral controlinthestallregiontobeoxcell.ent,butthesecharacter-
istics’’.arepiwbab&duein.part to theunusuallygoodstalling.pattern
ofthe’wi~itself,,.(characterizedby-anearlywi”~-center-sectl”on’break-
down). ~~~ ,..,
,. .,.“, ,:. .,

Stallsconductedwith,Arr&gement‘llX}forwuch typicaltimehis-
toriesarepresentedinfigure30,showedthatthespoilerswerenQt
veryeffectiveIncontrollingWe ro2.lingmotionsinthef3tall,particll-
larlywitiflaps up. Withflapsd.dwn)the.controlwasfa$rlygood.
Thepilots“consideredthatthelateral-controleffectiveness.ofthis
arrangementin“thestallwas.aboutthesampas@t.wh$chWOUJ# be e=
pettedfromailerons. b-

/

.
..i

‘1.

,

.

,

.

I
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CharacteristicsinInvertedFlight

InordertodeterminetheeffestivenessofspoiJers
flight,a maneuverwasmadewithArrangementIIinwhich
was’rolledlefttoapproximateIyinvertedflight.While

ininverted
theairplane
inthisattitude,

theairplanewasthen-rolledabhptlytothe~ightJenattemptbeing “
madetomaintafna constantrudderangle.A timehistoryofthismaneu-
verispresentedinfigure31,whichshowsthatthespoilersproduceda
rollingmotioninthecorrectdirectionwhileininvertedflightend
thatthelagwasnotexcessive.FavorablejawingmotionqarealsohuM.-
cated.Thepilotsconsideredthespoilereffectivenessininverted
flightentirelyadequate.

CONCISJDINGREMARKS
,.! ., ..,. .

. . . . . . . . . . .

Theflighttektsreportedhereinindica%dthat@oilerslocated
neer.tbe’wingtr~ling’%dgemaysupplysatisfactorylateral-control
characteristicswhichsreinsomereSpectssuperiortothoseofailsrons.

,,
itwasfoundthatthespo$l&effectivenes~,asmeasuredbymaximum

pb/2Vinabrup,trudder-fixedrollsjwasapproximatelyproportionalto
thecockpitcontroldeflectionexceptfora regionofloweffectiveness
forsmallspoiler-deflectionssadthatthespoilereffec!tiveriessin-
creased,appreciablywith.airspee.d,a ch~acteristio’’no$:nowl~,asso-.
ciatedwith.ailerc+.Thecorrespondi~con$roifercesv~ied~oothly
andintheproperdirectionbutatanincreasingratew$thspoilerde-
flection}andthecontrolfbrce:snearneutral.spoile,r,posttf”on~~re ,
verylow.. ,. ,,,., .,.,,. -.

Theresponsecharacl%risticsan~thecontroli~,~n~ert&iTUl@it ‘
andnearthestallwerefoundtobeentirelysatisfactoryforthe
spoiler~angementqforwhichthesecharacteristicswere.investigated.
Allthespoilerarrangementsexhibi$edsatisfactoryyawingcharacter-
isticswhichweremore-favorablethan.@ose.associat@@thailerons.
Chengesinnormalaccelerationfollowingabruptdeflectionsofthe
spoilerswerenot.noticeab@at:luwqp~sdsandwere m,? qerious~ob-.
jectionablqat,high~eeds. .... ~..”””.+.. ....

(Theresultsof”theseflighttestsindicate that the opti&m
lateral-control~ange~nt testedwasthecombination:ofc~~=wc.-” ●, - -
spoilerswiththecpnterofcurva%urecoincidentwiththehinge.Jine
andsmallplaip.aileronsat.thewingtip,’.Inddd$tiontdpermittingthe
useoflarge-spaf~ps,su~hm smmngeme~trealizes:th?uomb$nedad-
vantagesofspoileryawingcharacteristics,spoiler.effectivenesti(par-
ticularlyathighspeeds],andaileronhinge-mmnentcharacteristics,&d
hencepossesseslateral-controlch’eracteriqticssuperiortothoseofB,
conventionalaileronsystem.
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Thepresenttestresultsalsoindicatethat,shoulda full-span
flapbedesired}a circular-arcspoilerwitha sultablaplatenormal J.
totheupperedgeofthespoilerwouldprovidesatisfactorylateral-
controlchaacterlsticsifa lawdegreeofcontrolfeelneer neutral
wouldbeacceptable.Thecontrolfeelwiththisarrangement,howover,
couldpossiblybeimprovedbymechanicalmeamssuchastheuseof
springs.inthecontrolsystemora spoilerupper-edgeplatewhichhas
a di.fforentialmotion.

AmesAeronauticalLaboratory,—
NationalAdvisoryCommitt-forAeronauticst

Moffett Yield,CalIf.
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A.PPENDIX

DETAILSOFTEST

.. . ArrangementsI andII
,,,

-. . ... ,.

,.. ..-
,. .+ .,(-;..

Aim@.ane
.
,
.
.
●

●

✎

☛

✎

✎

●

✎

●

●

✎

.

.

.

.
,

.,
*
.
*
● ✎

. . ,.,.,.mr$@oPP-61+-5

..Os 0.,48,ft9in,,“.....0 .0.. 14f%8 in.
26,800,lb

“dl~+{”MIAIC.(gearup)

‘I’YPe-. ..o, . ..o
Length(over-b).. .

● ✎✎☛✎ .,
. .
.8
● ,C

.,

● .

,*

. .

. ‘.

. .
● .
.*

,
.
.
.
*

.

.
●

☛

✌

✎

.

.
,
,
●

✌

●

✎

✎

✟

✎

✎

.
*
*
.
*

●

✎

✎

✎

.,, .,
Hel~ht(thrust-l&elevel), . .
Testgrossweight.. . . . . . *
Testcenter-of-~ravi~position.

Wing
Span., . . ● , ..,. ● . , ,
Area.. . . ., . . . . , ,’0.

.!t.. .; ~

66,0’ft
: 66:; ;ql~
.
. ● 6.; :.
● 4°
. ~o
, 00 ‘-
● 1.5°

percentthick
percentthick

:,
● ✎ c

● ,

., .

.,

.,

,.

,.

,.

. .

.*
s.

● *

?,.

.’,

.,

. .

. .

. .

.
,
.
.

.
.
,
.

Meanaerodynamicchord. ...
Aspectratio. , , . . .’.’.
DihedralOf’chordpkle

Innerpanel. . . . . . .
Outerpaml..,,...

Sweepbackofleadingedge..
Inoidenceofchordlinewith

**
. .

● ☛

✎✌

✎ ✎

. .

.*
● ✎

● ☛

● ✎

● ✘

thrust Line
Airfoilsection

Root..
Tip. .

Flaps
Type. . ,
Deflection

*
,

●

✎

. Zap15

. zap 13
● ✎

✌✎

✌✌

✎✌

.
●

●

✎

●

●

✃

✎

●

●

*
.

.
●

✎

✎

✎

e

.

.

.

.

.
●

●

✎

●

.
,

●

✎

✎

0

,

●✌

✎

●

✎

☛

●

✎

✎

v
●

.,

*

,

●

.

,

.

.

●

●

✎

✎

✎

✎

☛

✎

☛

✟

✎

.

.

f
.
.
,
●

.,
● ✎

●

●

✎

✎

☛

✎

✎

✎

●

✎

.

.

,
●

✎

●

✎

✎

✎

✎

●

✎

✎

✎

●

✎

.
,

.

.
,
.
●

✎

P

.

.

.

.

.

*

.

_,

,Slotted(out%oardpanelssealed)
..00,, ,

. . . . . . . 55%
20percentofwingchord
. . . . . . =4.6 ~q.ft

●

✎

✎

✎

*
.
*
.

.

.
*

.
,
*
.

.

.
●

✌

✎

●

✌

1

,

*

*

4
.

Span(over-all).
Chord.. . . . .
Area. , , , . .

Spoilers(each)
Type.. . , . .
Deflection. . .
Spazl., ● ● .c

●

☛✎

✎ ✎

✎✌

✎ ✎

✌☛

✎ ✎

Circular-arc)perforated
.,. 65°up,s~ol=
● ,*... ,, .

.

.
●

✎

✌

,
●

✎

☛

●

☛

●

✎

✌

percent
● .O

~ercent

Radiusofforwardface oflocalwing chord *
● . 9.5eqft
oflocalwingchord ~

Area,. , . . . . . .
Locationofforwardface 72

Ailerons(each)
Type. . . ,
Ik3flection

Left.. .
Right. .
,,

●

●

✎

Plain#’lap(unbalanced,radius-nose). . .

.,.
● ✎ ✎

,

●

✎

.

.
#

,..,.. ,. 22.7°up, 21.5°dOwn
.**.., ,. ZL.5QUP) 21.3°d-
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S?xul... . . . . . . . . . . . . . . . . ..* . . ..*. .*. *L’ 57~*,.
CfiordAftdf’”hin$e-line.,.,:,..-.....’17per~e~t,oflocalwingchord8 ties’.’.’.”.”.’.’.. . ● . , . . . . . . ... .*...*.*<.● .y.~,aqft,.. .. . . .

-.

. .

Lateralcontrol
Type. . . . .
‘Wheeldiameter

Eng3ne~:~~,
Type’...’ . . . .
Manufacturer.
Nti3E&. .‘..
Reductiongear

,Rating(each)
: Take-off’.‘.
Normal-; :

..0
,.

. . .

.,

. . .

. .

● . .

. . .

ratio

.*.

. . .

. , ● ● ✎ ✎ ✎ ✌✎ ✌✎ ✎ s c ,. . . . . . . ● - Wheel. .

. . . . . . . . . . . .**-*. ..* 13.9im.
. . r

. . . Radial, air~~ooled,l&cylinder,dotiblerow

. ..*. . .,.,,., . ● ● > ~:&attandWhitney.4’. . . . . ● *... ● **O* . R-2800-65

.,.,. A*..* . . . . . .), 0.5:1

~ObO,bhpat,2700rpmand.54.Oin.~ atsealevel
‘i675bhpat2550rpmand44.5in.Hgat84OOffl*;~.,;:+:.

,,. . . . . . . -. . .l’ropel+e~s(each)
TW6; : :“::“:.”~’”::’.; . . ~ !’,. ...Constant-speedfull-feathering
Manufacturer. ~ . . ; . . . ~ ~ . . . . . . . . ,Curtiss-Wright Corp.
Diameter.. . . . . . . ; .,.. . . . . . . . . . .“.. .12ft2in.
Numberofblades.. . ~ . . . . . . . . . . . . . . . . . ..: Four.

,, .,. ..
,,, “‘ArrangementIII ‘ -,

Airplane
‘ Type.’.......;;.” .,.,..;Vo~ht-Slkorkl&0S2U-2m@ifiedto... . accommodate.full-spanZapflaps
Length(over-all).. .“.. . . . .’.. ......... ..:’~i.’ “31.Oft
‘ ‘Height(thrust-linelevel)... . . . . . . . . . . . . .12ft11 in.
Testgrossweight.. . . . . . , . . . . . . . . . . . . &49 lb
Testcenter-of-gravityposition... .,. . . . . . . . . , 0.284M.A.C.

Wing
span..:’;”...’..“’.’...’”::’.*i .
Area. . . . . . . . . . . . . . . . . .
Meanaerodynamicchord. . . . . . . . .
Aspectratio.. . . . . . . . . . . . .

‘“’DihetiWofchord@ti6... ..‘.“.. . . .
~eepbackof,leadingedge.. . . . . ...*
Ihcidenc’eof‘chordlinewith’tbt iine

. Airfoilsebtion “ ‘ ‘ “
* Root.. . . ... ., . . . . . . . . .

Tip.. . . . . . . . .+.:. ● , . .

. . . . . . . .

. . . . . .*.
● ☛✎✎☛ ● ✎ ✎

✎ ✎ ✎ ✎✎ ✎ ✌✌ ✎ ✎

✎ ✎ ✎ ✎ ✎ ✜☛✎

● ✎☛ ● ● ● ✎☛ ● ☛

● ✌☛ ● ✎☛ ,“ ● ● ●

36;0i%
205.8 sq ft

72.5 m-.
6.3
7°)

,::20511 “
3°

.- .

.** Zap1~.25~ercentthick -

.*-* Zap12percentthick
---

● ✎✎✎✌✌ .Zap’circulti-arc.
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c

Deflection. . . . . . . . . . . . . . . . . . . . . . . . . 4L055f
Span. . ...= . . . . . . . . . . ... . . . . . . . ...~.l~ft7in. ~
Area.. . . . . . . . . . . . , . . . . . . . . ... . . . .lg.16”sqft

Spoilers(each) t,...,.“...
Type.. . ... . . . . . . . . . . . , .,.. ,,..Zapplug=t$pevented .-..
Deflection

Left. . . . . . . . . . . . . . . . . . . .’~37.8°up,0.7~o”~own
Right.. . , . . . . . . . , . . . , . . . . . k2.0°Up,2.20?’dOWIi

span. . . . . . . . . . ...’..... . . . . . .....l Qft4*0ln.
Area(upperplate). . . . . . ... . . ... . ... . ... . 13.46SQft

.,.
Lateralcontrol

,.
,,.

Type.. . . . . . . . . . . . . . .“.’,. ..: . , , , . .:””.‘Gtick
Sticklength..:. . . . . . . . , ;. . , . , . . . , . . , ,35in..& .,--,, ,,.

i~ine
Type.: . . . . , , . . Radial}air-cooled,nine-cylindeti}single-row

,.:,lknufacturer,. . . . . ... . . . . . , , . .,. . . ,Pratij~W~tney
Number.. . . . . . . . . . . . . . .
Reductionggarratio... . . . . . . ...
Rating

Take-off. . . . .490bhpat“2300”
Normal.. ● ● , . 400bhpat

. , ., . ● ✎ ✎ ✎ ✎ ,’ B-985-@
** ... . . . . . .Directdrive :-

rpmaid35.5in.tiatsealevel
2200rpmat

● *,*..

. .
Propellers

Type.. . . . . .~. . . . . . , . .
Manufacture~i. . ~ . ........ .’. ● . . . . ● , ,.
Diameterp. i... . . .,,.,.. , : . . . , . . . ,
Numberof.blades.,, . , ... , , . . . , .,......

,. ,.

Arrsmgemen%IV

ThedetailsarethesameasthoseforArrangement
lows: ,, ,.

., .,
Spoilers(each) , ,.. ,. . . ...

Type.. , . . . , ● .. *,....,,.. ● ,., ,..,... *
Deflection , , ,..

b :,, Left. . . ..... . . ......... .;.’“ “ ..:
Right.. . .,,,.,.. . .,;; , , .:’;”:..~ .

eeeleveland5500ft ~,

Constant-speed
: “Eamlltonstarldard
. 8.50ft
. . i “Tuo\

111,exceptasfol-

Simplecircular-arc

47°Up,5.5°down *
52Qup, 8*50,down

,.;.. . ..
,, . ..- .!.

“... ,, ....>
,,. ,.. .

Arrange&titV ,,..

Airplane
Type!.... . . . . . . . . .,. .,. . ..... . ....Vou.ghl#ikoreQ

,.
,,

,..

0

,.

QS2U-2
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&
Length(over=all). . . . . . . . . . . . . . . . . . . . 30”ft1 in.
Height(thrust-linelevel]... ..... . . . . ... . . . .’12ft@ in.

w- Tes=

‘WI%
Sp3.n
Area
Mean

tissweight.. ... ~ . , , . . .. . . . . . . .;’ 4717lb .
+,-, —-,, ..

. . .
. . . . . . . . . . . . . . . . . . ..6... . . S5ftl~”in.
. . . . . .,..0 . ..*. .,..* . ..** 261.9~qft
aerodynamicchord.. . . . . . . . . . , . . . . 89.5in.

Aspectratioo. . . . . . . . . . . ... . . 1 . . . . 4.9$
Dihedralofchord@ane... . . . . . . . . . . . . .
Sweepbackofleadingedge.. . . . . . . . . . . . . . 0°
Incidenceofchordlinewiththrustline. .“. . . . , ~o

.
Flaps(each)

Type. . . . . . . . . . . .Slotted-deflector-platejspring-loadedto”
decreasedeflectionwithincreasin$loads

span. . . . . . . . . . . . . . . . ., .51percentofwingsemispan
Chordaftofhingeline.. . . . . . . 23percentoflocalwingchord
Areaaftofhingeline. . . . . . . . . . . , . . . . 17.5sqfk

Spoilers(each).. Ty_pe. . . .
Deflection

Left.. ..-. Right. .
span. ● . .

.

● ☛☛✎✌☛ ✎ .Flap-type,ventilatedandpaddle-balanced

. . . . . . . . . . . . . . .
.,..0. . . . . . ..0.

..,0. . . . . . . . . . .

C~ord,average. , . . . : . . . . . . 10
Area. . . . . . . . . . . . . , . . . . .

Ailerons(each)
Type. .. . . . . . . . . . . . . . . . .
span. . . . . . . . . . . . . . . . . . .
Chord,averageaftofhi~e line. . 17.2
Areaaftof’hingeline.. . . . . . . . .
Droop.● . .“.

Lateralcontrol
Type. , . . .
Stickle~th.

Engine. Type. . . . .
Manufacturer.

k Number. . . .
Reductiongear
Rating

Take-off..
Normal.. .

. . . . . . . . . . ● ✎ ✎

. . . . . . . . . . . . . .

. . . . . . ...0 ● S..

● .*... ● *.*.. . .

● .*.* . . . . . ,,,.

. ...* .*..* ● *..

ratio.. . . ., . . , . ,

● ✎ ✎ ✎ 49.00up,3.50down ‘
..0, 53.0°up,3.50down
41percentofwingsemisyn
percentoflocalwi

● .,*.. 4.% ;:::
.

.,.0. ● Frise
31percentofwingsemispan
percentoflocalwingchord

. . . . . . 6.7sqft
196atfullflapdeflection -.

● ..**. ● O.* Stick
S,..** . . . . 35in.

.
.-

. . . . Radial}air-cooled
● ... Prattemdllhitney
. . . . . . . R-~~-50
. . . . . ● . Directdrive

.450bhpat2300rpmand35.5in.Hgatsealev~l,
..-

. . .
● ,,.. 400bhpat2200rpmatsealeveland5~ ft

.—.
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J

Propeller
T~e .. . . .. l....... .,, ,. .,,.. Conete,nt-Epeed
Manufacturer,...,.. . : . . . . . . . . . . EamlltcnStandard %
Diameter,. . . . .’,, . . . . . , . . . . . . . . . . , . 8.50ft
Numberof}lades.. . . . . . . . . . . . . . . , . . . . . . Two

●✍✎

r

..—.

. .

. .

. .

.

.
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